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(54) DIRECT CONVERSION RECEIVER 



(57) In a direct-conversion receiving apparatus it is 
possible to prevent unnecessary emission from an an- 
tenna as well as deterioration of the error rate charac- 
teristics caused by DC offsets, a power dividing unit 1 04 
divides an RF signal amplified in an RF amplifier 103 
into four signals of first through fourth RF signals, phase- 



shifters 1 05-107 shift the phases of the second through 
fourth RF signals by 180°, 90° and 270°, respectively 
and mixers 108-111 generate first through fourth base- 
band signals by mixing the first RF signal and second 
through fourth RF signals after phase-shifting with local 
signals from a local oscillator 112, respectively. 
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Description 

Technical Field 

[0001 ] The present invention relates to a receiving ap- 
paratus using a direct-conversion receiving method by 
which a received frequency is directly converted into a 
baseband frequency. 

Background Art 



[0002] A direct-conversion receiving method is a re- 
ceiving method that performs detection by direct fre- 
quency conversion of a received RF signal (radio fre- 
quency signal) into a baseband signal by mixing the re- 
ceived signal and a local signal having the same fre- 
quency as that of the received signal in a mixer. This 
direct-conversion receiving method has no use for an 
intermediate frequency (IF) circuit such as an IF filter 
and is suitable for IC structures in comparison with a 
super heterodyne receiving method which has been cur- 
rently a main receiving method, so that it has been ex- 
pected as a receiving method suitable for reducing size 
power consumption, and cost of a receiver. Hereinafter,' 
a receiving apparatus to which a conventional direct- 
conversion receiving method is applied (hereinafter, 
simply referred to as "direct-conversion receiving appa- 
ratus") will be described with reference to FIG. .1 FIG. 
1 is a block diagram showing a configuration of a con- 
ventional direct-conversion receiving apparatus. 
[0003] An RF signal received through an antenna 1 1 
passes through an RF band-pass filter 12, is amplified 
in an RF amplifier 1 3, and then is divided into two signals 
in a power dividing unit 14. 

[0004] On the other hand, a local signal (Lo signal) 
supplied from a local oscillator 17 is sent to mixers 15 
and 16 after being divided in a 90° divider 18. Here, local 
signals sent to mixers 1 5 and 1 6 are assumed to be sig- 
nals between which there is a phase difference of 90° 
[0005] Each signal divided in the power dividing unit 
1 4 is f req uency converted into a baseband signal in the 
respective mixers 15 and 16 by being mixed with the 
local signals from the 90° divider 18. Therefore the 
baseband signals obtained in the mixers 15 and 1 6 be- 
come signals between which there is a phase difference 
of 90°. 

[0006] Each baseband signal obtained in the respec- 
tive mixers 15 and 16 passes through a low-pass filter 
19, 20, is amplified in a baseband amplifier 21 , 22, and 
then is subjected to a sampling processing in an analog 
to digital (A/D) converter 23, 24, respectively. The re- 
spective baseband signals of an I (in-phase) component 
and a Q (quadrature) component after the sampling 
processing in the A/D converters 23 and 24 are sent to 
a digital signal processing circuit and so on. 
[0007] The direct-conversion receiving method has 
no use for an IF circuit as just described, so that it can 
be said to be a method suitable for reducing size power 
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consumption, and cost of a receiver. 
[0008] However, the aforementioned conventional di- 
rect-conversion receiving apparatus has the following 
problems. A local signal from the local oscillator 17 
5 might leak to the BB ports and RF ports since the isola- 
tion between Lo-RF ports and Lo-BB ports in each mixer 
15 and 16 is not complete. Here, the BB ports corre- 
spond to the ports at the side of the low-pass filters 19 
and 20 and RF ports correspond to the ports at the side 
10 of the power dividing unit 14. 

[0009] Since the local signal leaked to the BB ports is 
eliminated in both low-pass filters 1 9 and 20, it does not 
pose a problem. But the local signal which has leaked 
to the RF ports poses a problem, since the frequency of 
w the local signal is equivalent to that of the received siq- 
nal. y 

[0010] That is, firstly the local signal which has leaked 
to the RF ports is emitted from antenna 1 1 after passing 
through RF band-pass filter 12, as the frequency of the 
20 local signal is equivalent to that of a desired signal 
Therefore, the radio wave emitted from antenna 11 as 
described above becomes an unnecessary emission 
and becomes an interfering wave to other terminals. 
[001 1 ] Secondly, the local signal which has leaked to 
25 the RF ports is inputted to mixer 15 or 16 after being 
reflected at the power dividing unit 14, RF amplifier 13 
or RF band-pass filter 12. Therefore, self detection is 
performed in mixer 15 or 16 by multiplication of the local 
s,gnal from the 90- divider 18 by the input local signal 
30 after being reflected. 

[0012] When self detection is executed in the mixers 
15 and 16, DC offsets which represent direct-current 
components are outputted to the low-pass filters 19 and 
20, respectively. That is to say, the DC offsets are added 
35 to the baseband signals obtained from the mixer 15 and 
16, respectively. As a result, the voltages of the base- 
band signals obtained from mixers 15 and 16 are in- 
creased or decreased based on the effects of the DC 
offsets. The voltage variations according to the DC off- 
40 sets become a problem at the aforementioned analog 
to digital conversion. 

[0013] Therefore, the present receiving apparatus 
suppresses receiving sensitivity and deteriorates the re- 
ceiving error rate characteristics due to the DC offsets 
45 caused by self detection in mixers 1 5 and 1 6 when the 
local signal leaks to the RF port. 

[0014] As described above, there are problems in a 
conventional direct-conversion receiving apparatus that 
an unnecessary emission from the antenna is occurred 
and the error rate characteristics are deteriorated by the 
DC offsets based on leakage of the local signals. 
[0015] In order to prevent the above problems, a 
method has been disclosed in the prior Japanese Patent 
Application HEI-6 (1994) - 268546 wherein, a received 
55 RF signal is divided to four signals in a power dividing 
unit and each divided RF signal passes through 0° 90° 
180° and 270° phase-shifters , respectively. According 
to this configuration, the phase differences of 0° 90° 
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1 80° and 270° are given to local signals leaked from the 
mixers into the antenna side, respectively. Thereby, the 
leaked local signals cancel each other when they are 
added in the power dividing unit. Therefore, unneces- 
sary emission of local signals from an antenna may be 5 
prevented. 

[001 6] However, the generation of DC offsets may not 
be prevented by this method, though the unnecessary 
emission from an antenna may be prevented. That is, 
there is a case in which local signals leaked from mixers 
to the antenna side are inputted to the mixers after the 
signals are reflected at the power dividing unit and 
phase-shifters. Thereby, the DC offsets are generated 
in the mixers since self detection is performed. 

Disclosure of Invention 

[001 7] The object of the present invention is to provide 
a direct-conversion receiving apparatus which prevents 
unnecessary emission from an antenna and deteriora- 
tion of the error rates characteristics caused by the DC 
offsets. 

[0018] According to an aspect of the present inven- 
tion, a direct-conversion receiving apparatus comprises 
dividing means for dividing a high frequency signal re- 
ceived through an antenna into two signals, a first signal 
and a second signal, converting means for generating 
a first baseband signal from the first signal and a second 
baseband signal from the second signal, respectively, 
by frequency conversion of the first signal and the sec- 
ond signal using local signals with the same frequency 
as that of each of the first signal and the second signal 
so that there is an anti-phase relation between the first 
baseband signal and the second baseband signal, and 
adding means for generating a baseband signal of a pre- 
determined channel by taking a difference between the 
first baseband signal and the second baseband signal. 
[0019] According to another aspect of the present in- 
vention, a direct-conversion receiving apparatus com- 
prises converting means for generating a baseband sig- 
nal of a predetermined channel by frequency conversion 
of a high frequency signal received through an antenna 
using a local signal with the same frequency as that of 
the high frequency signal, generating means for com- 
pulsory generating DC offset using the local signal, and 
adding means for subtracting the DC offset from the 
baseband signal of a predetermined channel. 

Brief Description of Drawings 

[0020] 

FIG. 1 is a block diagram showing a configuration 
of a conventional direct-conversion receiving appa- 
ratus; 

FIG. 2 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 1 of the present invention; 



FIG. 3 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 2 of the present invention; 
FIG. 4 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 3 of the present invention; 
FIG. 5 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 4 of the present invention; 
FIG. 6 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 5 of the present invention; 
FIG. 7 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 6 of the present invention; 
FIG. 8 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 7 of the present invention; and 
FIG. 9 is a block diagram showing a configuration 
of a direct-conversion receiving apparatus accord- 
ing to embodiment 8 of the present invention. 

Best Mode for Carrying Out the Invention 

[0021] Embodiments of the present invention will be 
described below specifically with reference to accompa- 
nying drawings. 

(Embodiment 1) 

[0022] FIG. 2 is a block diagram showing a configu- 
ration of a direct-conversion receiving apparatus ac- 
cording to embodiment 1 of the present invention. In 
FIG. 2, a band-pass filter 1 02 outputs only a signal of a 
desired frequency band among RF signals (radio fre- 
quency signals) received through an antenna 101 to an 
RF amplifier. The RF amplifier 1 03 amplifies the RF sig- 
nal of the desired frequency band obtained from the 
band-pass filter 102 to output the RF signal to a power 
dividing unit 104. 

[0023] The power dividing unit 1 04 divides the RF sig- 
nal amplified in the RF amplifier 1 03 into four signals to 
output the divided RF signals to a mixer 1 08 and phase- 
shifters 105, 106 and 107. 

[0024] The phase-shifter 105 shifts the phase of the 
RF signal from the power dividing unit 1 04 by 1 80° and 
outputs the RF signal to a mixer 109. The phase-shifter 
106 shifts the phase of the RF signal from the power 
dividing unit 104 by 90° and outputs the RF signal to a 
mixer 110. The phase-shifter 1 07 shifts the phase of the 
RF signal from the power dividing unit 1 04 by 270° and 
outputs the RF signal to a mixer 111 . 
[0025] A local oscillator 112 generates a local signal 
of the same frequency as that of the desired RF signal 
and outputs the local signal to each mixer 108-111 . The 
mixer 108 generates a baseband signal by frequency 
conversion of the RF signal from the power dividing unit 
104 through mixing the RF signal from the power divid- 
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- mg unit 1 04 and the local signal from the local oscillator 
112. Similarly, the mixers 109, 110 and 111 generate 
baseband signals by frequency conversion of the RF 
signals from the phase-shifters 105, 106 and 107 re- 
spectively, through mixing the RF signals from the s 
phase-shifters 105, 106 and 107 and the local signal 
from the local oscillator 112. 

[0026] An adder 1 13 outputs a difference between the 
baseband signal obtainedfrom mixer 1 08 and the base- 
band signal obtained from mixer 1 09 to a low-pass filter 10 
115. Similarly, an adder 114 outputs a difference be- 
tween the baseband signal obtained from mixer 1 1 0 and 
the baseband signal obtained from mixer 111 to a low- 
pass filter 116. 

[0027] The low-pass filters 1 1 5 and 1 1 6, after cancel- is 
lation of high frequency noise, output the baseband sig- 
nals from adders 113 and 114 to baseband amplifiers 
117 and 118, respectively. 

[0028] Next, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 20 
described. The RF signal received through antenna 101 
becomes the RF signal of the desired frequency band 
after passing through the band-pass filter 1 02. After the 
RF signal of the desired frequency band is amplified in 
the RF amplifier 103, the RF signal is divided into four 25 
RF signals (hereinafter, referred to as "first RF signal" 
"second RF signal", "third RF signal" and "fourth RFsig- 
nal") in the power dividing unit 104. The first through 
fourth RF signals are outputled to mixer 108 phase- 
shifter 105. phase-shifter 106 and phase-shifter 107 re- 30 
spectively. 

[0029] After the phases of the second through fourth 
RF signals are shifted by 180°, 90° and 270° in the 
phase-shifters 105-107, respectively, the second 
through fourth RF signals are outputled to mixers 3s 
1 09- 1 1 1 , respectively. 

[0030] The local signal generated in the local oscilla- 
tor 112 is inputted to the mixers 108-111. In mixers 
108-111 , the local signal outputted from the local oscil- 
lator 11 2 and the RF signals after being phase-shifted 40 
in the corresponding phase-shifters 1 05-1 07 are mixed 
respectively. Thereby, the first RF signal and the second 
through fourth RF signals after phase-shifting become 
the first through fourth baseband signals after frequency 
conversion into baseband, respectively. The first and « 
second baseband signals are outputted to the adder 1 1 3 
whereas the third and fourth baseband signals are out- 
putted to the adder 114. 

[0031 ] At this time, there is an anti-phase relation be- 
tween the first baseband signal and the second base- so 
band signal since the phase of the second RF signal has 
been shifted by 180°. Similarly, there is an anti-phase 
relation between the third baseband signal and the 
fourth baseband signal since the phase of the fourth RF 
signal has been shifted by 270°. 55 
[0032] In the adder 113, the difference between the 
first baseband signal and second baseband signal is ob- 
tained. That is, the second baseband signal is subtract- 



ed from first baseband signal. Here, an in-phase addi- 
tion of the first baseband signal to second baseband sig- 
nal .s performed in the adder 113since there is an anti- 
phase relation between the first baseband signal and 
second baseband signal. Thereby, an l-ch baseband 
signal is generated in the adder 113. 
[0033] In the adder 114, the difference between the 
third baseband signal and fourth baseband signal is ob- 
tained. That is, the fourth baseband signal is subtracted 
from third baseband signal. Here, in-phase addition of 
the Ihird baseband signal to fourth baseband signal is 
performed in the adder 114 since there is an anti-phase 
relation between the third baseband signal and fourth 
baseband signal. Thereby, a Q-ch baseband signal is 
generated in the adder 114. 

[0034] Therefore, it is obvious that there is a phase 
difference of 90° between the l-ch baseband signal and 
Q-ch baseband signal because the phase of the third 
RF signal is shifted from that of the first RF signal by 90° 
[0035] Both l-ch baseband signal and Q-ch baseband 
signal are amplified in the baseband amplifiers 11 7 and 
118, respectively, after cancelling each of the high fre- 
quency noise in both baseband signals in the low-pass 
filters 1 1 5 and 1 1 6, respectively. The l-ch baseband sig- 
nal and Q-ch baseband signal which have been ampli- 
fied are outputted to a digital signal processing circuit 
after sampling processing in not shown analog to diqital 
converters. 

[0036] Then, while paying special attention to the lo- 
cal signals which have been leaked to mixers 108-111 
operation of the direct-conversion receiving apparatus 
having the above configuration will be described In a 
similar manner to that of a conventional one there is a 
possibility that the local signal from the local oscillator 
112 leaks to the mixers 108-111 even in the direct-con- 
version receiving apparatus according to the present 
embodiment. 

[0037] A local signal leaked to the RF port in mixer 

1 08 reaches the power dividing unit 1 04 without phase- 
shifting. A local signal leaked to the RF port in mixer 1 09 
reaches the power dividing unit 104 after being phase 
shifted by 180° in the phase-shifter 105. Therefore the 
local signal from mixer 108 and local signal from mixer 

109 cancel each other by their addition in the power di- 
viding unit 104 as there is an anti-phase relation be- 
tween them at the time when they reach the power di- 
viding unit 1 04. 

[0038] Similarly, a local signal leaked 1o the RF port 
in mixer 110 reaches the power dividing unit 104 after 
being phase shifted by 90° in the phase-shifter 106 A 
local signal leaked to the RF port in mixer 111 reaches 
the power dividing unit 1 04 after being phase shifted by 
270° in the phase-shifter 1 07. Therefore, the local signal 
from mixer 110 and local signal from mixer 111 cancel 
each other by their addition in the power dividing unit 
104 as there is an anti-phase relation between them at 
the time when they reach the power dividing unit 104 
Thereby, unnecessary emission from the antenna 
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caused by leakage of local signals may be remarkably 
suppressed. 

[0039] As described above., the local signals which 
have leaked to mixers- 108-1 11 are almost completely 
cancelled in the power dividing unit 104 by provision of 
the phase-shifters 105 through 107. 
[0040] However, there is a case in which the local sig- 
nal that has leaked to mixer 108 is input to mixer 108 
after the local signal is reflected in the power dividing 
unit 104 before being cancelled therein. Moreover, there 
is a case in which the local signal that has leaked to 
mixer 1 09 is input to mixer 1 09 afterthe signal is reflect- 
ed in the phase-shifter 1 05 or in power dividing unit 1 04 
before being cancelled in the power dividing unit 104. 
Similarly, there is a case in which the local signals that 
have leaked to mixers 1 1 0 and 1 1 1 are input to the afore- 
mentioned mixers 110 and 111, respectively, afterthe 
local signals are reflected in the power dividing unit 1 04 
or in phase-shifters 105 and 107, respectively, before 
being cancelled in the power dividing unit 1 04. 
[0041] Specifically, the local signal which has leaked 
to mixer 1 08 is input to mixer 108 again after the local 
signal is reflected in the power dividing unit 1 04 without 
phase-shifting. 

[0042] The local signal which has leaked to mixer 1 09 
is input to mixer 109 again after being phase shifted by 
1 80° in the phase-shifter 1 05, the local signal is reflected 
in the power dividing unit 1 04 and the phase of the local 
signal is shifted again by 1 80 degrees in the phase-shift- 
er 1 05. In other words, the local signal which has leaked 
to mixer 109 is input to mixer 109 after being reflected 
in the power dividing unit 105. That is, there is an in- 
phase relation between the local signal which has 
leaked to mixer 109 and the reflected local signal. 
[0043] Similarly, the local signal which has leaked to 
mixer 110 (mixer 111) is input to mixer 1.10 (mixer 111) 
again after the phase of the local signal is shifted by 90° 
(270°) in the phase-shifter 106 (phase-shifter 107), the 
local signal is reflected in the power dividing unit 104 
and the phase of the local signal is shifted again by 90° 
(270°) in the phase-shifter 106 (phase-shifter 107). In 
other words, the local signal which has leaked to mixer 
110 (mixer 111) is input to mixer 110 (mixer 111) after 
being reflected in the phase-shifter 106 (phase-shifter 
107). That is, there is an anti-phase relation between 
the local signal which has leaked to mixer 110 (mixer 
111) and the reflected local signal. 
[0044] Then, in mixers 108-111, self detection is per- 
formed by mixing the local signal after the reflection and 
local signal from the local oscillator 112, consequently, 
DC offsets are generated. Here, there is an in-phase re- 
lation between the DC offset generated in mixer 108 and 
DC offset generated in mixer 109. Similarly, there is an 
in-phase relation between the DC offset generated in 
mixer 110 and DC offset generated in the mixer 111 . 
[0045] Though DC offsets are generated in mixers 
108-111 as described above, the DC offset generated 
in mixer 109 is subtracted from DC offset generated in 
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mixer 1 08 in the adder 113. Therefore, there is elimina- 
tion of the DC offset in the l-ch baseband signal gener- 
ated in adder 113. Similarly, the DC offset generated in 
mixer 111 is subtracted from DC offset generated in mix- 
5 er 1 1 0 in the adder 114. Therefore, the DC offset is elim- 
inated from the Q-ch baseband signal generated in 
adder 114. Thereby deterioration of the error rate char- 
acteristics caused by the DC offsets may be remarkably 
prevented. 

10 [0046] As mentioned above, in the present embodi- 
ment, a received signal (radio frequency signal) is firstly 
divided into two signals of a first signal and second sig- 
nal, and frequency conversion of the first signal and sec- 
ond signal is performed so that there is an anti-phase 

is relation between the baseband signal obtained from the 
first signal and baseband signal obtained from the sec- 
ond signal, when baseband signals are generated by 
frequency conversion of the received signal. Moreover, 
subtraction processing to subtract the two baseband 

20 signals which have an anti-phase relation from each oth- 
er is performed. 

[0047] Thereby, the baseband signals between which 
there is an anti-phase relation appropriately become 
predetermined baseband signals since an in-phase ad- 

25 dition of the baseband signals is performed. On the oth- 
er hand, the DC offset which might be generated at fre- 
quency conversion of the first signal and DC offset which 
might be generated at frequency conversion of the sec- 
ond signal cancel each other in the above subtraction 

30 processing since there is an in-phase relation between 
them. Thereby, deterioration of the error rate character- 
istics caused by DC offsets may be prevented. 
[0048] In addition, according to the present embodi- 
ment, the local signal which leaks to the RF port at fre- 

35 quency conversion of the first signal and the local signal 
which leaks to the RF port at frequency conversion of 
the second signal, both cancel each other at the side of 
the RF port as there Is an anti-phase relation between 
them. Thereby, unnecessary emission from the antenna 

^0 may be prevented. 

(Embodiment 2) 

[0049] In the present embodiment, a description is 
^5 given to the case in which the dispersion of the charac- 
teristics of the phase-shifters are suppressed by reduc- 
ing the number of kinds of the phase-shifters which have 
been used in embodiment 1 . 

[0050] In the aforementioned embodiment 1, three 
50 kinds of phase -shifters for phase-shifting by 90°, 180° 
and 270° have been used as phase-shifters. As many 
kinds of the used phase-shifters as large possibility to 
have deterioration of the received signals characteris- 
tics that is caused by the dispersion of the characteris- 
es tics in each phase-shifter. 

[0051] Therefore, only two kinds of phase-shifters for 
phase-shifting by 90° and 1 80° are used in the present 
embodiment. Next, a direct-conversion receiving appa- 
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ratus according to the present embodiment will be de- 
scribed with reference to FIG. 3. 
[0052] FIG. 3 is a block diagram showing a configu- 
ration of the direct-conversion receiving apparatus ac- 
cording to embodiment 2 of the present invention. In Fig. 
3, the components similar to those corresponding to em- 
bodiment 1 shown in FIG. 2 are assigned the same ref- 
erence numerals and detailed descriptions thereof are 
omitted. 

[0053] In FIG. 3, a power dividing unit 201 divides an 
RF signal amplified in an RF amplifier 103 into two sig- 
nals and outputs the divided RF signals to a power di- 
viding unit 202 and a phase-shifter 106. The power di- 
viding unit 202 divides the RF signal from the power di- 
viding unit 201 into two signals and outputs the divided 
RF signals to both mixer 108 and phase-shifter 105a. 
The power dividing unit 203 divides the RF signal being 
phase-shifted by 90° in the phase-shifter 106 into two 
signals and outputs the divided RF signals to both mixer 
1 10 and a phase-shifter 105b. 

[0054] Then, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 
described. In the present embodiment, the detailed de- 
scription of the operations similar to those of embodi- 
ment 1 will be omitted. 

[0055] The RF signal amplified in the RF amplifier 1 03 
is divided into two RF signals (hereinafter, referred to as 
"fifth RF signal" and "sixth RF signal") in the power di- 
viding unit 201. The fifth RF signal is outputted to the 
power dividing unit 202 whereas the sixth RF signal is 
outputted to the phase-shifter 1 06. 
[0056] The fifth RF signal is divided into two RF sig- 
nals (hereinafter, referred to as "seventh RF signal" and 
"eighth RF signal") in the power dividing unit 202 The 
seventh RF and the eighth RF signals are processed in 
mixers 108 and 109, respectively, in a similar manner to 
that of embodiment 1 . Here, there is an anti-phase re- 
lation between the seventh RF signal inputted to mixer 
108 and the eighth RF signal inputted to mixer 109, in 
a similar manner to that of embodiment 1 . 
[0057] The sixth RF signal being phase shifted by 90° 
in phase-shifter 1 06 is divided into two RF signals (here- 
inafter, referred to as "ninth RF signal" and "tenth RF 
signal" ) in the power dividing unit 203. The ninth RF 
signal is outputted to mixer 110 whereas the tenth RF 
signal being phase shifted by 1 80° in phase-shifter 1 05b 
«s outputted to mixer 1 1 1 . The ninth and tenth RF signals 
are processed in mixers 110 and 111, respectively, in a 
similar manner to that of embodiment 1. Here, there is 
an anti-phase relation between the ninth RF signal in- 
putted to mixer 110 and the tenth RF signal inputted to 
mixer 1 11 , in a similar manner to that of embodiment 1 
[0058] According to the above configuration, an l-ch 
baseband signal is generated in an adder 113 by in- 
phase addition of the first baseband signal and second 
baseband signal. In addition, a Q-ch baseband signal is 
generated in an adder 114 by in-phase addition of the 
third baseband signal and fourth baseband signal. 



[0059] Moreover, the local signal which has leaked to 
mixer 108 reaches the power dividing unit 202 without 
phase-shifting. The local signal which has leaked to mix- 
er 109 reaches the power dividing unit 202 after being 
5 phase shifted by 1 80° in the phase-shifter 1 05a. There- 
fore, the local signal from mixer 108 and local signal 
from mixer 1 09 cancel each other by their addition in the 
power dividing unit 202 as there is an anti-phase relation 
between them at the time when they reach the power 
10 dividing unit 202. 

[0060] Similarly, the local signal which has leaked to 
mixer 110 reaches the power dividing unit 203 without 
phase-shifting whereas the local signal which has 
leaked to mixer 111 reaches the power dividing unit 203 
« after being phase shifted by 180° in the phase-shifter 
105b. Therefore, the local signal from mixer 11 0 and lo- 
cal signal from mixer 111 cancel each other by their ad- 
dition in the power dividing unit 203 as there is an anti- 
phase relation between them at the time when they 
20 reach the power dividing unit 203. Thereby, unneces- 
sary emission from an antenna caused by leakage of 
the local signal may be remarkably suppressed. 
[0061] Moreover, if DC offsets are generated in mix- 
ers 1 08-1 11 , there is an in-phase relation between a DC 
25 offset generated in mixer 1 08 and DC offset generated 
in mixer 1 09. Therefore, DC offsets in the l-ch baseband 
signal are .cancelled in the adder 113 by subtracting the 
DC offset generated in mixer 1 09 from DC offset gener- 
ated in mixer 1 08. 
30 [0062] Similarly/there is an in-phase relation between 
a DC offset generated in mixer 110 and DC offset gen- 
erated in mixer 111. Therefore, DC offsets in the Q-ch 
baseband signal are cancelled in the adder 1 1 4 by sub- 
tracting the DC offset generated in mixer 111 from DC 
35 offset generated in mixer 1 1 0. Thereby, deterioration of 
the error rate characteristics caused by DC offsets may 
be remarkably prevented. 

[0063] According to the present embodiment, deteri- 
oration of the error rate characteristics caused by the 
^o DC offsets and unnecessary emission from antenna 
may be prevented, and deterioration of the received sig- 
nals characteristics caused by the dispersion of the 
characteristics in phase-shifters may be suppressed. In 
comparison with embodiment 1 in which three kinds of 
45 phase-shifters have been used, only two kinds of phase- 
shifters for phase-shifting by 90° and 180° are used in 
embodiment 2. 



50 



(Embodiment 3) 



[0064] In the present embodiment, a case in which the 
phase of a local signal is shifted instead of phase-shift- 
ing of an RF signal as in embodiment 1 or 2 will be de- 
scribed. 

55 [0065] In embodiment 1 or 2, phase-shifting of RF sig- 
nals has been performed, using phase-shifters. Howev- 
er, delay in RF signals occurs in case of RF signals 
phase-shifting which cause deterioration of receiving 
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quality or complex processing needed to compensate 
for the occurred delay. 

[0066] In the present embodiment, the phases of local 
signals are shifted instead of phase-shifting of RF sig- 
nals. Hereinafter, with reference to Fig. 4, a direct-con- 
version receiving apparatus according to the present 
embodiment will be described. 

[0067] FIG. 4 is a block diagram showing a configu- 
ration of the direct-conversion receiving apparatus ac- 
cording to embodiment 3 of the present invention. In Fig. 
4, the components similar to those corresponding to em- 
bodiment 1 shown in FIG. 2 are assigned the same ref- 
erence numerals and detailed descriptions thereof are 
omitted. 

[0068] A power dividing unit 1 04 divides an RF signal 
amplified in an RF amplifier 103 into four signals and 
outputs the divided RF signals to corresponding mixers 
108-111. A phase-shifter 105 shifts by 180° the phase 
of a local signal which has been generated by a local 
oscillator 112 and outputs the local signal to mixer 109. 
A phase-shifter 1 06 shifts by 90° the phase of the local 
signal which has been generated in the local oscillator 
112 and outputs the local signal to mixer 110. A phase- 
shifter 107 shifts by 270° the phase of the local signal 
which has been generated by the local oscillator 1 1 2and 
outputs the local signal to mixer 111. 
[0069] Next, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 
described. In the present embodiment, the detailed de- 
scription .of the operations similar to those of embodi- 
ment 1 will be omitted. 

[0070] The RF signal amplified in the RF amplifier 1 03 
is divided into four RF signals (first through fourth RF 
signals) in the power dividing unit 1 04. The first through 
fourth RF signals are outputted to mixers 108-111 . re- 
spectively. 

[0071] The local signal which has been generated by 
the local oscillator 112 is outputted without phase-shift- 
ing to mixer 108, outputted to mixer 109 after being 
phase shifted by 180° in the phase-shifter 105, output- 
ted to mixer 110 after being phase shifted by 90° in the 
phase-shifter 1 06 and outputted to mixer 1 1 1 after being 
phase shifted by 270° in the phase-shifter 107. 
[0072] The mixer 1 08 mixes the first RF signal and the 
local signal without phase-shifting while mixer 109 mix- 
es the second RF signal and the local signal after being 
180°phase-shifted, accordingly, both first and second 
baseband signals are generated, respectively. There is 
an anti-phase relation between the first baseband signal 
and second baseband signal. 

[0073] On the other hand, the mixer 110 mixes the 
third RF signal and the local signal after being 
90°phase-shifted while mixer 111 mixes the fourth RF 
signal and the local signal after being 270° phase-shift- 
ed, accordingly, both third and fourth baseband signals 
are generated, respectively. There is an anti-phase re- 
lation between the third baseband signal and fourth 
baseband signal. 



[0074] In an adder 113, the difference between the 
first baseband signal and second baseband signal is ob- 
tained. That is, the second baseband signal is subtract- 
ed from first baseband signal. Here, in-phase addition 

5 of the first baseband signal to second baseband signal 
is performed in adder 113 since there is an anti-phase 
relation between the first baseband signal and second 
baseband signal. Thereby, an l-ch baseband signal is 
generated in adder 113. 

io [0075] In an adder 114 : however, the difference be- 
tween the third baseband signal and the fourth base- 
band signal is obtained. That is, the fourth baseband sig- 
nal is subtracted from third baseband signal. Here, in- 
phase addition of the third baseband signal to fourth 

'5 baseband signal is performed in adder 114 since there 
is an anti-phase relation between the third baseband 
signal and fourth baseband signal. Thereby, a Q-ch 
baseband signal is generated in adder 114. 
[0076] Furthermore, the local signal which has leaked 

20 to mixer 1 08 and local signal which has leaked to mixer 
1 09 cancel each other by their addition in the power di- 
viding unit 1 04 as long as there is an anti-phase relation 
between them at the time when they reach the power 
dividing unit 104 because of an anti-phase relation be- 

25 tween the local signal inputted to the mixer 1 08 and local 
signal inputted to the mixer 109. 

[0077] Similarly, the local signal which has leaked to 
mixer 110 and local signal which has leaked to mixer 
111 cancel each other by their addition in the power di- 
sc viding unit 1 04 as long as there is an anti-phase relation 
between them at the time when they reach the power 
dividing unit 104 because of an anti-phase relation be- 
tween the local signal inputted to mixer 110 and local 
signal inputted to mixer 111. Thereby, unnecessary 
35 emission from an antenna caused by the leakage of lo- 
cal signals may be remarkably suppressed. 
[0078] Moreover, if DC offsets are generated in mix- 
ers 108-111, there is an in-phase relation between the 
DC offset generated in mixer 108 and DC offset gener- 
ic? ated in mixer 1 09. Therefore, DC offsets in an l-ch base- 
band signal are cancelled in adder 113 by subtracting 
the DC offset generated in mixer 1 09 from DC offset 
generated in mixer 108. 

[0079] Similarly, there is an in-phase relation between 
45 the DC offset generated in mixer 1 1 0, and DC offset gen- 
erated in mixer 111. Therefore, DC offsets in a Q-ch 
baseband signal are cancelled in adder 114 by subtract- 
ing the DC offset generated in mixer 1 1 2 from DC offset 
generated in mixer 110. Thereby, deterioration of the er- 
50 ror rate characteristics caused by DC offsets may be re- 
markably prevented. 

[0080] According to the present embodiment, deteri- 
oration of the error rate characteristics caused by DC 
offsets and unnecessary emission from the antenna 
55 may be prevented, and deterioration of the receiving 
quality and complex processing which have been 
caused by the phase-shifting of the RF signals may be 
suppressed comparing to embodiment 1 or 2 in which 
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the phases of the RF si g nals have been used e ^ 
bodiment 3, the phase of the local signals has beer "sS£ 
ed instead of phase-shifting of the RF signals 
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(Embodiment 4) 

[0081] In the present embodiment, a case in which 
dispersion of the characteristics of the phase-shifted is 
suppressed by reducing the number of kinds of the uTed 
.tt fr embodim «"« 3 will be described. With 
reference to F,g. 5, a direct-conversion receiving appa 

2? H^" 9 ,0 ,he Pr6Sent emb °diment will be de- 
scribed befow. 

[0082] FIG. 5 is a block diagram showing a confiqu- 
ra.ion of the direct-conversion receiving apparatus ac- 
cording to embodiment 4 o, the present Invention .Tn 
iltl L com P° nents si ^»arto those corresponding 
o embod ,men, 3 shown in FIG. 4 are assigned the same 

a^irer^^ 5 ***** deSCrib,i °- ^reof 
[0083] a phase-shifter 1 06 shifts by 90" the phase of 
a local s.gnal outputted from a local oscillator 112 and 
outputs the local signal to both mixer 110 and phas^ 
shifter 105b. The phasc-shiftcr 105b shifts by ISO- the 
phase of the local signal which has been shifted by 90° 
mixer 106 and -'puts the ,ocal signal to 

[0084] Then, operation of the direct-conversion re- 

2X r : S haVi "9 the ab °- configuration will be 
described In the present embodiment, the detailed de- 
men T ?K he ° Pera,i0nS Simi,ar ,0 lh ° s * °f -nbo* 
. ment 1 will be omitted. 

[0085] The local signal which has been generated in 
be!n h ^f ,0r 112 iS ° U,pU,ted t0 110 after 

ts oStoTZ ^ 9 °° 1 06 whereas i 

90° in the ni° be,n9 Phase shifted ^ 

IL V^ f Se ' SMXer 106 and fuf ther being phase 

shmedby180«in.hephase-shifter105b. Thereby there 
s an anti-phase relation between the local signet 

SI DeSed d° and t the ' 0Ca ' Si9na ' ^ 10 i 
1™ Ascription of the remaining operations is 

omitted as the operations excluding the above one are 
r0086, r t0 A hOS H O ' a,0r ^L embodiment 3 
Son of ,h C ° 9 '° thS PreSem emb °diment, deteri- 
oration of the error rate characteristics caused by the 
DC offsets and unnecessary emission from the antenna 
may be preve ted , and deteriora(ion Qf 

characlerr ' 9na,S CaUSed by the dis P ersi °" <* 
charactenshes ,n phase-shifters may be suppressed in 

companion w„h embodiment 3 in which three kinds o^ 
phase-sh.fters have been used ™* of 

shifters for phase-shifting by 90° and 180° have been 
used in embodiment 4. nave Deen 

(Embodiment 5) 

SJ" the .P re sent embodiment, there will be de- 
senbed a case m which a reduction of the dispersion of 



the characteristics of the phase-shifters used in embod 

2 m wi ::/ urtherreduced more ,han ,hai * «£J£i 

*WKh reference to Fig. 6, a direct-conversion receiving 

of ,h G H 6 fe 3 ^ dia9ram Sh0Wi "9 a ju- 
ration of the d.rect-conversion receiving apparatus ac- 

cord.gtoembodimentsofthe present iLXn.TnRg 
6. 'hecomponentssimilartothosecon-espondingtoem- 
" bod ( ment 1 shown in FIG. 2 are assigned the same r£ 
= nu m er als and detailed desertions thereof afe 

[0089] A power dividing unit 501 divides an RF sional 

nhlcJ J RF S ' 9na,s to both mixer 108 and 
phase-sh l fter106a.Thephase-shifterl06ashiftsb V 90 d 
the phase of the RF signal from the power dlvSng un ,t 
501 and outputs the RF signal to a power dividing 9 unS 

20 !!.? 9 « I hepOWerdividin 9"nit502dividestheRFsiq- 
na after bemg 90° phase-shifted into two signals and 
outputs the divided RF signals to both mixe? Ito and 
phase-shrfter 1 06b. The phase-shifter 106b shifts by 90 

unit 503 ^ RF Si9nal t0 a power di -ding 

HO?!!!! P ° Wer diVidin9 UnK 503 divides 'he RF siq- 

SU" T 9 Phase " shifted b V a tota. of 180° into 2 

shL ful k 6 o ft6r 1 ° 6C - The Ph^e-shifter 106c 
S k f bV 9 °° thS Phase of the signal which 
hasten shifted by 180° and outputs the RF^ignS 

[0092] Then, operation of the direct-conversion re- 

desenbed. In the present embodiment, the detailed de- 
senpbon of the operations similar to those of embodi- 
ment 1 will be omitted. 

''eleZh rp W °, S ' 9nalS (hereina « er - referred to as 

45 fnemiLr^ 6 RF Signal fe dMded into ^o signals 

hereinafter, referred to as "thirteenth RF signal' and 

aft" b e ei ' h T ) h M " - * 502 

Tola Z 9 th T Se : med by 9 °° " ,he P^e-shifter 
so wherein I " RF Signa ' * ° UtpU,ted t0 "° 
s£t T Urteemh RFSi9na ' is ^P^ d tophase- 

sSi fh?r 6 . fC r een,h RF si 9" al divided into two 
signals hereinafter, referred to as -fifteenth RF signal" 

(fe a r n9 , P D n aSe Shifted bV 9 °° P"ase- S hL 106b 
«D" SeVf, Phase - Shif,in 9 of «,» eleventh RF sig- 
nal). The fifteenth RF signal is outputted to mixer 109 
whereas the sixteenth RF signa. is outputted to phase 
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shifter 106c. 

[0096] The sixteenth RF signal is outputted to mixer 
111 after being phase shifted by 90 degrees in the 
phase-shifter 106c (i.e., after 270° phase-shifting of the 
eleventh RF signal). 

[0097] The eleventh RF signal and fifteenth RF signal 
are processed in mixers 1 08 and 1 09, respectively, in a 
similar manner to that of the embodiment 1 . Here, there 
is an anti-phase relation between the eleventh RF signal 
inputted to mixer 108 and fifteenth RF signal inputted to 
mixer 1 09, in a similar manner to that of embodiment 1 . 
[0098] The thirteenth RF signal and sixteenth RF sig- 
nal are processed in mixers 110 and 111 , respectively, 
in a similar manner to that of embodiment 1. Here, there 
is an anti-phase relation between the thirteenth RF sig- 
nal inputted to mixer 1 1 0 and sixteenth RF signal input- 
ted to mixer 111 , in a similar manner to that of the em- 
bodiment 1. 

[0099] According to the above configuration, an l-ch 
baseband signal is generated in an adder 113 by in- 
phase addition of the first baseband signal and second 
baseband signal. A Q-ch baseband signal is generated 
in an adder 114 by in-phase addition of the third base- 
band signal and fourth baseband signal. 
[0100] Moreover, a local signal which has leaked to 
mixer 108 reaches the power dividing unit 501 without 
phase-shifting. A local signal which has leaked to mixer 
109 reaches the power dividing unit 501 after being 
phase shifted by a total of 180° withtwophase-shifters 
106b and 106a. Therefore, the local signal from mixer 
1 08 and the local signal from mixer 1 09 cancel each oth- 
er by their addition in the power dividing unit 501 as there 
is an anti-phase relation between them at the time when 
they reach the power dividing unit 501 . 
[0101] Similarly, a local signal which has leaked to 
mixer 110 reaches the power dividing unit 501 after be- 
ing phase shifted by 90° in the phase-shifter 106a. A 
local signal which has leaked to mixer 111 reaches the 
power dividing unit 501 after being phase shifted by a 
total of 270° in three phase-shifters 106c, 106b and 
1 06a. Therefore, the local signal from mixer 1 1 0 and lo- 
cal signal from mixer 111 cancel each other by their ad- 
dition in the power dividing unit 501 as there is an anti- 
phase relation between them at the time when they 
reach the power dividing unit 501 . Accordingly, unnec- 
essary emission from an antenna caused by the leakage 
of local signals may be remarkably suppressed. 
[0102] Moreover, even if DC offsets are generated in 
mixers 1 08-1 1 1 , DC offsets generated in both l-ch base- 
band signal and Q-ch baseband signal cancel each oth- 
er based on the same reason as that of embodiment 1 . 
[0103] According to the present embodiment, deteri- 
oration of the error rate characteristics caused by the 
DC offsets and unnecessary emission from the antenna 
may be prevented, and deterioration of the received sig- 
nals characteristics which has been caused by the dis- 
persion of the characteristics of the phase-shifters may 
be suppressed. In comparison with not only embodi- 



ment 1 in which three kinds of phase-shifters have been 
used but also embodiment 2 in which two kinds of 
phase-shifters have been used, in the present embodi- 
ment, only one kind of phase-shifter for 90° phase-shift- 
5 ing is used. 

(Embodiment 6) 

[0104] In the present embodiment, there will be de- 
10 scribed a case in which a reduction of the dispersion of 
the characteristics of the phase-shifters used in embod- 
iment 3 is further reduced more than that of 
embodiment4. With reference to FIG. 7, a direct-conver- 
sion receiving apparatus according to the present em- 
15 bodiment will be described below. 

[0105] FIG. 7 is a block diagram showing a configu- 
ration of the direct-conversion receiving apparatus ac- 
cording to embodiment 6 of the present invention. In 
FIG. 7, the components similar to those corresponding 
20 to embodiment 3 shown in FIG. 4 are assigned the same 
reference numerals and detailed descriptions thereof 
are omitted. 

[0106] A phase-shifter 106a shifts by 90° the phase 
of a local signal outputted from a localoscillator 1 1 2 and 

25 outputs the local signal to both mixer 110 and phase- 
shifter 106b. A phase-shifter 106b shifts further by 90° 
the phase of Jhe local signal which has been shifted by 
90° in the phase-shifter 1 06a (i.e., the phase of the local 
signal generated in the local oscillator 112 is shifted by 

30 a total of 1 80°) and outputs the local signal to both mixer 
1 09 and phase-shifter 1 06c. A phase-shifter 1 06c shifts 
further by 90° the phase of the local signal which has 
been shifted by a total of 1 80° in the phase-shifter 1 06b 
(i.e., the phase of the local signal generated in the local 

35 oscillator 112 is shifted by a total of 270°) and outputs 
the local signal to mixer 111. 

[0107] Then, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 
described. In the present embodiment, the detailed de- 
40 scription of the operations similar to those of embodi- 
ment 3 will be omitted. 

[0108] The local signal generated in the local oscilla- 
tor 112 is outputted to both mixer 108 without phase- 
shifting and to mixer 110 after being phase shifted by 

45 90° in the phase-shifter 1 06a. Moreover, the local signal 
generated in the local oscillator 1 1 2 is outputted to mixer 
109 after being phase shifted by a total of 180° in two 
phase-shifters 106a and 106b and then outputted to 
mixer 1 1 1 after being phase shifted by a total of 270° in 

50 three phase-shifters 106a, 106b and 106c. 

[0109] The mixer 108 mixes the first RF signal and 
local signal after no phase-shifting whereas mixer 1 09 
mixes the second RF signal and local signal after being 
180° phase-shifted. Thereby, a first baseband signal 

55 and second baseband signal are generated, respective- 
ly. There is an anti-phase relation between the first base- 
band signal and second baseband signal. 
[01 1 0] Moreover, the mixer 1 1 0 mixes the third RF sig- 
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nal and local signal after being 90° phase-shifted where- 
as mixer 1 1 1 mixes the fourth RF signal and local signal 
after being 270° phase-shifted. Thereby, a third base- 
band s.gnal and fourth baseband signal are generated 
respectively. There is an anti-phase relation between 
the third baseband signal and fourth baseband signal 
[01 1 1] In adder 1 1 3, an l-ch baseband signal is gen- 
erated by in-phase addition of the first baseband signal 
and second baseband signal, as described in embodi- 
ment 3. Similarly, in adder 114, a Q-ch baseband signal 
is generated by in-phase addition of the third baseband 
signal and fourth baseband signal. 
[01 12] Furthermore, Since there is an anti-phase re- 
lat.on between the local signal inputted to mixer 1 08 and 
local signal inputted to mixer 1 09 . then, at the time when 
the local signal which has leaked to mixer 1 08 and local 
signal which has leaked to mixer 1 09 reach a power di- 
viding unit 104there is an anti-phase relation between 
them, accordingly, both of the leaked local signals can- 
cel each other by their addition in the power dividing unit 
104. 

[01 13] Similarly, as there is an anti-phase relation be- 
tween the local signal inputted to mixer 110 and local 
signal inputted to mixer 111 , then, at the time when the 
local s.gnal which has leaked to mixer 110and local sig- 
nal which has leaked to mixer 111 reach the power di- 
viding unit 104 there is an anti-phase relation between 
them, accordingly, both of the leaked local signals can- 
cel each otherby their addition in the power dividing unit 
104. Therefore, unnecessary emission from an antenna 
caused by the leakage of local signals may be remark- 
ably suppressed. 

[01 1 4] Moreover, even if DC offsets are generated in 
mixers 108-1 1 1 , DC offsets generated in both l-ch base- 
band signal and Q-ch baseband signal cancel each oth- 
er based on the same reason as that of embodiment 3 
Hence, deterioration of the error rate characteristics 
caused by DC offsets may be remarkably prevented 
[01 15] According to the present embodiment, deteri- 
oration of the error rate characteristics caused by DC 
offsets and unnecessary emission from the antenna 
may be prevented, and deterioration of the receivedsig- 
nals characteristics which has been caused by the dis- 
persion of the characteristics of the phase-shifters may 
further be suppressed. In comparison with not only em- 
bodiment 3 in which three kinds of phase-shifters have 
been used but also with embodiment 4 in which two 
kinds of phase-shifters have been used, in the present 
embodiment, only one kind of phase-shifter for 90° 
phase-shifting is used. 



10 



(Embodiment 7) 

[0116] In the present embodiment, a case in which the 
circuit size is further reduced in comparison with that of 
embodiments 1 through 6 will be described with refer- 
ence to FIG. 8. 

[01 1 7] FIG. 8 is a block diagram showing a configu- 



ration of a direct-conversion receiving apparatus ac- 
cording to embodiment 7 of the present invention In 
FIG. 8, the components similar to those correspondinq 
to embodiment 1 shown in FIG. 2 are assigned the same 
reference numerals and detailed descriptions thereof 
are omitted. 

[01 18] A phase-shifter 1 06 shifts the phase of an RF 
signal outputted from a power dividing unit 104 by 90° 
and outputs the RF signal to mixer 702. A mixer 701 
generates an l-ch baseband signal by frequency con- 
version of the RF signal from the power dividing unit 1 04 
into a baseband through mixing the RF signal from the 
power dividing unit 104 and the local signal from a local 
oscillator 112. Similarly, the mixer 702 generates a Q- 
ch baseband signal by frequency conversion of the RF 
signal from the power dividing unit 1 04 into a baseband 
through mixing the RF signal from power dividing unit 
104 and a local signal from local oscillator 112. 
[0119] On the other hand, the RF amplifier 706 has a 
similar configuration to that of an RF amplifier 103 de- 
scribed in embodiment 1 . A mixer 703 generates a DC 
offset by mixing the local signal from local oscillator 112 
and a signal which is caused by the leakage of local sig- 
nal and is inputted to mixer 703 after being reflected at 
the RF amplifier and outputs them to adders 704 and 
/ 05. 

[01 20] The adder 704 subtracts the DC offset gener- 
ated ,n mixer 703 from the l-ch baseband signal gener- 
ated in mixer 701. While, the adder 705 subtracts the 
DC offset generated in mixer 703 from the Q-ch base- 
band signal generated in mixer 702. 
[0121] Then, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 
descnbed. In the present embodiment, the detailed de- 
scnption of the operations similar to those of embodi- 
ment 1 will be omitted. 

[01 22] An RF signal amplified in the RF amplifier 1 03 
is divided into two RF signals (hereinafter, referred to as 
seventeenth RF signal" and "eighteenth RF signal) in 
"0. the power dividing unit 104. The seventeenth RF signal 
is outputted to mixer 701 whereas eighteenth RF signal 
is outputted to phase-shifter 1 06. The eighteenth RF sig- 
nahs outputted to mixer 702 after being phase shifted 

[0123] The mixer 701 mixes the seventeenth RF sig- 
nal and local signal outputted from the local oscillator 
112. Thereby, the seventeenth RF signal becomes an I- 
ch baseband signal after frequency conversion into a 
baseband. Similarly, mixer 702 mixes the eighteenth RF 
signal after being 90° phase-shifted and local signal out- 
putted from the local oscillator 112. Thereby, the eight- 
eenth RF signal becomes a Q-ch baseband signal after 
frequency conversion into a baseband. Here, it is obvi- 
ous that there is a phase difference of 90° between the 
l-ch baseband signal and Q-ch baseband signal since 
the phase of the eighteenth RF signal is shifted by 90° 
[0124J On the other hand, the local signal generated 
in the local oscillator 112 is also inputted to mixer 703 



20 



25 



30 



35 



45 



SO 



55 



X3CID: <EP 1233528AIJ_> 



10 



19 



EP 1 233 526 A1 



20 



This local signal leaks to an RF port of mixer 703 (a port 
at the side of the RF amplifier 706). The leaked local 
signal is inputted to mixer 703 again after reflection at 
the RF amplifier 706. As a result, the mixer 703 mixes 
the local signal which has been generated in the local 5 
oscillator 112 and the reflected leaked local signal. 
Thereby generation of the DC offsets as self detection 
is performed in mixer 703. The generated DC offsets are 
outputted to adders 704 and 705. 

[0125] The DC offset generated in mixer 703 is sub- 10 
tracted from the l-ch baseband signal generated in mix- 
er 701 in the adder 704. Moreover, DC offset generated 
in mixer 703 is subtracted from the Q-ch baseband sig- 
nal generated in mixer 702 in the adder 705. Thereby, 
adders 704 and 705 which have cancelled the DC off- 15 
sets output the l-ch baseband signal and Q-ch base- 
band signal to low-pass filters 1 1 5 and 116, respectively. 
Thereby, deterioration of the error rate characteristics 
caused by the DC offsets may be remarkably sup- 
pressed. Here, measures of the antenna unnecessary 20 
emission have hot been considered in the present em- 
bodiment. 

[01 26] According to the present embodiment, howev- 
er, l-ch and Q-ch baseband signals from which the DC 
offsets have been cancelled may be generated by sub- 25 
tracting the DC offsets which have been compulsorily 
generated through usual generation of the l-ch and Q- 
ch baseband signals. Moreover, the circuit size might 
be reduced as only three mixers have been used ac- 
cording to the present embodiment in comparison with 30 
that of embodiments 1 through 6 which have used four 
mixers. 

(Embodiment 8) 

35 

[0127] In the present embodiment, there wilt be de- 
scribed, referring to FIG. 9, a case in which the phase 
of a local signal is shifted instead of phase-shifting the 
RF signal as in embodiment 7. 

[0128] FIG. 9 is a block diagram showing a configu- 40 
ration of the direct-conversion receiving apparatus ac- 
cording to embodiment 8 of the present invention. In 
FIG. 9, the components similar to those corresponding 
to embodiment 7 shown in FIG. 8 are assigned the same 
reference numerals and detailed descriptions thereof 
are omitted. 

[0129] The direct- conversion receiving apparatus ac- 
cording to the present embodiment has a configuration 
in which a phase-shifter 106 in a direct-conversion re- 
ceiving apparatus corresponding to embodiment 7 is so 
provided between a local oscillator 1 1 2 and a mixer 702. 
[0130] Then, operation of the direct-conversion re- 
ceiving apparatus having the above configuration will be 
described. In the present embodiment, the detailed de- 
scription of the operations similar to those of embodi- 55 
ment 7 will be omitted. 

[0131] A seventeenth RF signal is outputted to mixer 
701 whereas an eighteenth RF signal is outputted to 



mixer 702. Similar operations to those of embodiment 7 
are performed in mixer 701 , and an l-ch baseband signal 
is generated. The mixer 702 mixes both eighteenth RF 
signal and local signal after being 90° phase-shifted in 
the phase-shifter 106, hence, a Q-ch baseband signal 
is generated. 

[0132] Here, it is obvious that there is a phase differ- 
ence of 90° between l-ch baseband signal and Q-ch 
baseband signal as the eighteenth RF signal and local 
signal after being 90° phase-shifted are mixed. 
[01 33] According to the present embodiment in which 
the phases of the local signals have been shifted instead 
of phase-shifting of the RF signals, deterioration of the 
error rate characteristics caused by the DC offsets may 
be prevented, and deterioration of the receiving quality 
characteristics which has been caused by phase-shift- 
ing of RF signals and complex processing may be pre- 
vented in comparison with embodiment 7 in which the 
phases of the RF signals have been shifted. 
[01 34] The direct-conversion receiving apparatus ac- 
cording to the above embodiments can be installed in 
both communication terminal apparatus and base sta- 
tion apparatus of various kinds of digital mobile radio 
communication systems such as a CDMA (Code Divi- 
sion Multiple Access) system and an OFDM (Orthogo- 
nal Frequency Division Multiplexing) system. 
[0135] The^present application is based on the prior 
Japanese Patent Application 2000-256764 filed on Au- 
gust 28, 2000. The entire contents of which are incor- 
porated herein by reference. 

industrial Applicability 

[01 36] The present invention may be applied for a re- 
ceiving apparatus using a direct-conversion receiving 
method in which a received frequency is directly con- 
verted into a baseband frequency. 



Claims 

1. A direct-conversion receiving apparatus compris- 
ing: 

dividing means for dividing a high frequency 
signal received through an antenna into two 
signals, a first signal and a second signal; 
converting means for generating a first base- 
band signal from the first signal and a second 
baseband signal from the second signal, re- 
spectively, by frequency conversion of the first 
signal and the second signal using local signals 
with the same frequency as that of each of the 
first signal and the second signal so that there 
is an anti-phase relation between the first base- 
band signal and the second baseband signal; 
and 

adding means for generating a baseband sig- 
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nal of a predetermined channel by taking a dif- 
ference between the first baseband signal and 
the second baseband signal. 

!. The direct-conversion receiving apparatus accord- 
ing to claim 1, wherein said converting means per- 
forms said frequency conversion by making a phase 
difference between the first signal and the second 
signal in an anti-phase state, and making a phase 
difference between a local signal used for the first 
signal and a local signal used for the second signal 
in an in-phase state. 

The direct-conversion receiving apparatus accord- 
ing to claim 1, wherein said converting means per- 
forms said frequency conversion by making a phase 
difference between a local signal used for the first 
signal and a local signal used for the second signal 
in an anti-phase state, and making a phase differ- 
ence between the first signal and the second signal 
in an in-phase state. 

The direct-conversion receiving apparatus accord- 
ing to any one of claims 1 through 3, wherein said 
converting means comprises a plurality of phase- 
shifting means for shifting a phase of a signal by a 
respective predetermined phase difference, and 
wherein phases of the first signal, the second signal 
and/or the local signal are shifted by said plurality 
of phase-shifting means. 
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nals, a first signal and a second signal; 
a converting step for generating a first base- 
band signal from the first signal and a second 
baseband signal from the second signal, re- 
spectively, by frequency conversion of the first 
signal and the second signal using local signals 
with the same frequency as that of each of the 
first signal and the second signal so that there 
is an anti-phase relation between the first base- 
band signal and the second baseband sional • 
and y 

an adding step for generating a baseband sig- 
nal of a predetermined channel by taking a dif- 
ference between the first baseband signal and 
the second baseband signal. 

A direct-conversion receiving method comprising: 

a converting step for generating a baseband 
signal of a predetermined channel by frequency 
conversion of a high frequency signal received 
through an antenna using a local signal with the 
same frequency as that of the high frequency 
signal; 7 

a generating step for compulsory generating 

DC offset using the local signal; and 

an adding step for subtracting the DC offset 

from the baseband signal of a predetermined 

channel. 



A direct-conversion receiving apparatus compris- 
ing: 



6. 



7. 



8. 



converting means for generating a baseband 35 
signal of a predetermined channel by frequency 
conversion of a high frequency signal received 
through an antenna using a local signal with the 
same frequency as that of the high frequency 
signal; 

generating means for compulsory generating 
DC offset using the local signal; and 
adding means for subtracting the DC offset 
from the baseband signal of a predetermined 
channel. 
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A communication terminal apparatus comprising 
the direct-conversion receiving apparatus accord- 
ing to any one of claims 1 through 5. 

. . 50 

A base station apparatus comprising the direct-con- 
version receiving apparatus according to any one 
of claims 1 through 5. 

A direct-conversion receiving method comprising: 55 

a dividing step for dividing a high frequency sig- 
nal received through an antenna into two sig- 
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